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@ Use of ntsin to prevent spoilage of alcoholic beverages. 

@ This invention relates to the use of Nisin an antimicrobial 
substance (produced by certain strains of Streptococcus 
lactis) for controlling the grovrth of spoilage bacteria in 
alcoholic beverages both during and after production. The 
process of the invention comprises adding to or Incorporat- 
ing In an alcoholic beverage an amount of nisin or nisin- 
producing culture sufficient to inhibit spoilage. In more detail 
up to 100 International Units of Nisin is added per millilitre of 
v/ort or alcoholic beverage. 
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1 0186498 

DSE OF NISIN TO PREVENT 
SPOILAGE OF ALCOHOLIC BEVERAGES 

BACKGROUND OF THE INVEKTION 

Nisin, an antimicrobial substance produced by 
5 certain strains of Streptococcus lactis, has known 
food preservative use. It has the property of inhib- 
iting the growth of certain gram-positive bacteria , 
but not gram-negative ones or yeasts of molds. A 
classic use has been for the prevention of clostridial 
10 spoilage in process cheese products. Nisin is a poly- 
peptide of 34 amino acid residues and a molecular size 
of 3510 daltons: It has been described as both an 
antibiotic and a bacteriocin. Nisin contains five 
internal di-sulf ide bridges making it very stable to 
15 heat under acid .conditions # although above pH 7 irre- 
versible inactivation occurs at room temperature. 
Nisin is most active under acid conditions r acting as 
a cationic surface-active detergent and an inhibitor 
of the synthesis of murein, a peptidoglycan which is 
20 an important component of the cell wall of gram- 
positive bacteria? Hurst, A., Advances in Applied 
Microbiologyr 1981, 27, 85 and Reisinger et al. 
Archives of Microbiology, 1980, 127 , 187. Nisin 
(marketed as Nisaplin by Aplin and Barrett Ltd., 
25 Trowbridge, Wiltshire) is internationally accepted as 
a food preservative." 

The use of Nisin in process cheese products 
has been the subject of earlier patents? see British 
Patent 713,251 and U.S. Patent 2,744,827 dated W54 
30 and 1956, respectively. These patents relate to the 
manufacture or preservation of cheese of kinds liable 
to become blown or distended due to the growth of 
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spoilage organisms which ar ana robic spore£ormers, 
typically bacteria known as Clostridia. Th y also 
relate to process cheese which is liable to be spoiled 
as above. The levels of Nisin referred to in these 

5 patents are in the range of 50 to 375 units per 
gram. One "unit" Is .equivalent to 1 International 
Unit (I.D.) of Nisin activity and is equivalent to 
0.025 microgram of Nisin. 

Use of Nisin as an antibotulinal agent by 

10 inhibiting the. outgrowth of germinated Clostxidivm 
botullnvm spores in food products in general and high 
moisture process cheese products in particular is the 
subject of Dnited States patent applications Serial 
No. 503,305 filed June 10, 1983, -Serial No. 543,968 

15 filed October 20, 1983 and Serial No. 585,864 filed 
March 2, 1984, all in the name of Steven L. Taylor. 

Beer; is a rather hostile environment for 
bacterial growth and, consequently, spoilage of beers 
is limited to only a few species of bacteria. Hough 

20 et al. Malting and Brewing Science , 2nd Edition, 

Volume 2, London, Chapman 6 Hall, 1983, Chapter 21 and 
Ingledew, Journal of American Society of Brewing 
Chemists, 1979, 37, 145. However, beer-spoilage 
problems do arise, and ways in which the biological 

25 stability of beers can be improved are of interest to 
the brewing industry. The apparent resistance of some 
beers to bacterial spoilage has been tentatively 
attributed to metabolites produced by the yeast strain 
used in fermentation. The identification and 

30 availability of the co-produced, or other acceptable 
antibacterial agents, would provide the means to 
inhibit growth of spoilage bacteria during the brewing 
process or in beer. The use of zymocins active 
against the wild-yeasts encountered in brewing has 
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been report Young et air Proceedings of the 
European Brewery Convention^ Berlin (West), 1979, 817/ 
and the genetic construction of brewing strains abler 
themselves r to produce a zymocin during fermentation 
5 has been described. 

Similar spoilage problems exist in other 
alcoholic beverages including not only wine and cider 
but also distilled products r cordials, liqueurs and 
the like. 

10 A suitable antibacterial agent would need -to 

be active against a wide range of spoilage 
bacteria, or at least against those species which 
occur frequently. Lactic acid bacteria (Lactobacilli 
and Pediococci) are attributed by the literature to be 

15 the major causes of spoilage in unpasteurized beers 
and give rise to the greatest proportion of infections 
during fermentation. 'Therefore, antibacterial 
substances active against lactic acid bacteria are of 
particular interest to the brewing industry. 

20 He have found and disclose herein the 

beneficial antibacterial effects of Nisin on brewery 
contaminants, particularly beer-spoilage lactic acid 
bacteria. 

DETAILED DESCRIPTION OF THE INVENTION 

25 FIGURE 1 illustrates the inhibition zones 

produced by 0, 10, and 100 units of Nisin when 
assayed, using a well-test method, against a 
Lactobacillus bp. BSC 375 (LC6) ,^ sensitive beer-spoilage 
strain of bacteria, seeded in a lawn of MRS agar. 

30 A number of antibiotics are used as food 

preservatives (see Chichester et al. Handbook of Food 
Additives , Ed. T.E. Furia, Cleveland, Ohio, C.R.C. 
PresSr 1972 r Chapter 3) and the preservation of 
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packaged b ers with antibiotics has been considered 
previously (Strandskov et al. Proceedings of the 
Annual Meeting of the American Society of Brewing 
ChemistSr 1958r 5). Their use has not become an 
5 approved practice r however, for several reasons: 

(i) the development of antibiotic-resistant strains of 
pathenogenic bacteria might be encouraged, 

(ii) allergic reactions to the consumer might result, 

(iii) the microbial ecology of the intestinal system 
10 could be disturbed, or (iv) the antibiotic might be 

toxic at the levels consumed. However, Misin has no 
medical value, per se, and resistance to Nisin is not 
linked to other medically-important antibiotic 
resistances; Nisin^ being a polypeptide is destroyed 
15 in the gastro-intestinal tract and has no known 
toxicity. 

The use of Kisin to combat beer spoilage can 
be considered in a number of possible ways* It is 
found that Nisin has a negligible effect on beer 

20 characteristics, e.g., aroma, flavor, appearance and 
physical stability, thus may have application to 
increase the shelf-life of unpasteurized, cask- or 
bottle-conditioned beers. Since it is heat stable at 
beer pH, there is the option of adding it to beers 

25 before pasteurization, thereby providing the 

opportunity to reduce the time and temperature of 
treatment. Nisin appears not to affect the growth of 
brewing yeasts, which means that it could be added to 
fermentations without altering yeast performance. It 

30 could be u^ed as an additive to worts, reducing the 
chances of spoilage arising due to lactic acid bac- 
teria. If added at either of these stages, Nisin 
survives the fermentation and is carried through into 
the final beer. Alternatively, Nisin could be used as 

35 a palliative pleasure being used when required to treat 
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only those fermentations or beers that are found to 
contain lactic acid bacteria • 

A Nisin solution may be used as a cleansing 
rinse for production equipment and plant or to "ash 

5 pitching yeast to render the yeast suitable for re-use 
in the brewing process. At present, contaminated pit- 
ching yeast is either replaced by freshly propagated 
yeast or is acid washed to remove the bacteria, how- 
ever in some cases acid washing markedly reduces yeast 

10 viability and alters the ability of the yeast to 

ferment and flocculate during the fermentation which 
follows treatment. 

The brewing of beer is used as a specific 
example of the application of Nisin, however its use 

15 is not limited to breweries. Lactic acid bacteria 
obtained as known contaminants from malt whisky 
distillery fermentations are also found to be sensi- 
tive to Nisin. Therefore its use can be considered an 
aid to eliminating or exerting a measure of control 

20 over these bacteria. 

Strains and Growth Conditions ; Eight 
strains, identified as Lactoiacilli using the API 50CH 
system, were fresh isolates from a British brewery. 
The 3 strains of Streptococcus and 6 of the 8 strains 

25 of Leuconostoc, were obtained as type strains from the 
National Collection of Industrial Bacteria (NCIB), the 
National Collection of Type Culture (NCTC) or the 
National Collection of Dairy Organisms (NCDO) , «11 in 
the Dnited Kingdom. Five strains of lactobacilli, 

30 isolated from malt whisky fermentations were provided 

^ ^ , , , Sootc±i WhisW 

by Pentlands/Research Ltd, Edinburgh, O.K. All other 
strains were taken from the Brewing Research F©un» 
dation's beer-spoilage organism (BSO) collection 
(Redhill, Surrey, O.K.), having been isolated 
35 originally from beers or breweries around the vprld. 
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Strains were classified on entering th BSO collection 
according to Bergey and stor d as fr ez -dri d 
ampoules. Brewing yeasts were obtained from the 
National Collection of Yeast Cultures (NCYC, Colney 
5 Lane, Norwich, U.K.)- 

Working cultures were grown either in broth 
culture (10 ml) or, alternativelyr on medium 
solidified with 2,0% (w/v) agar, and stored at 
0-4<*C. For gram-positive strains of bacteria 

10 {Lactobacillxis^ ^edlococcus, Leuconostoc, Micxococcus, 
and Streptococcus) MRS medium (Oxoid) was used, while 
gram-negative strains were maintained either in 
MacConkey (Oxoid; Citrobacter, Enterobacter, 
Klebsiella and Bafxiia) or in SJL nutrient medium 

15 (Oxoid; Acetobacter, Zymomonas, Flavobacter and 

Kluyvera). Brewing yeasts were maintained in YM broth 
(Difco). All media were prepared following the 
manufacturer's instructions. 

Assay for Nisin Sensitivity ; Strains were 

20 propagated as broth cultures (10 ml) in screw-capped 
McCartney bottles at 25*C for 2 days. Cultures of 
strains requiring "aerobic" conditions were agitated 
continuously- on a reciprocal action shaker (100 cycles 
min"^); others were kept stationary. A portion (200 

25 pi) of each broth culture was mixed with 20 ml of the 
required medium, containing agar and kept molten at 
48-50®C, and poured into petri dishes. To aid the 
diffusion of Nisin into the agar (Trammer et al. 
Journal of the Science of Food and Agriculture, 1964, 

30 8, 522), with MacConkey, WL and YM media, 1 ml of 
50:50 mix of Tween 20 and sterile water, at 48-50^C, 
was added. per 100 ml of medium before pouring. With 
MRS medium this was not necessary as it contains 0.1% 
Twe n 80. Samples (100 yl) of sterile water 

35 containing 0, 10, or 100 units of Nisin (Aplin and 
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Barrett Ltd.; 30,000 units mg''"'-) were added to wells 
of 1 cm diameter cut into the agar. Plates were 
incubated at 25*C for 2-3 days, after which time Sisin 
sensitivity could be observed as a zone of growth 

5 inhibition surrounding those wells containing Kisin. 

Table 1 illustrates the sensitivity to Nisin 
of brewing/distillery contaminants and beer spoilage 
bacteria. Of these species the first 5 are gram-pos- 
itive and the remaining are gram-negative. 

10 A total of 154 strains of bacteria r mostly 

beer-spoilage organisms, considered to be representa- 
tive and belonging to 13 genera were assayed for their 
sensitivity to Nisin; 122 of these were gram-positive 
and 32 were gram-negative strains. The results, show 

15 the various responses obtained. Of the gram-positive 
strains tested, predominantly Lactobacilli and 
Pediococci, 113 strains (i.e., 93%} were Nisin- 
sensitive. Some were only weakly sensitive/ but the 
majority (65%) were sensitive or very sensitive, 

20 showing inhibition zone >0.5 cm diameter around wells 
containing 100 units of Nisin. None of the five 
distillery isolates were resistant to Nisin. 

Of the gram-negative strains only the three 
belonging to the genus Flavobacter were Nisin- 

25 sensitive. Of the remaining 29 strains belonging to 7 
genera, none showed zones of growth inhibition. When 
assaying these strains, a gram-positive strain, known 
to be Nisin-sensitive, was included as a control in 
each case. Although this strain (BSD 375) grew only 

30 poorly on the media used (HacConkey and WL nutrient 
media), growth was sufficient to show zones of 
inhibition, confirming that the Nisin did diffuse into 
the agar. These results confirm that Nisin is an 
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inhibitor of a wide range of gram-positive strains but 
not of gram-negative strains. The inhibition of the 
Flavobacter strains was unexpected. 

Twelve strains of brewing yeast r 8 ale and 4 

5 lager, were assayed for Nisin-sensitivity . None of 
these strains were inhibited by Nisin. This observa- 
tion gives rise to the conclusion that Nisin could be 
used in the presence of brewer's yeasts to prevent or 
reduce spoilage, without adversely affecting yeast 

10 growth or fermentation performance. 

The effectiveness of Nisin at levels 
compatible with its practical use in wort and beer 
have been verified in MRS broth inoculated at 
different levels with sensitive beer spoilage strain 

15 of Lactobacillds. 100 units mX^ of Nisin completely 
inhibited growth of ca. 10^ cells ml"l at 20»C under 
; anaerobic conditions. All the bacterial cells were 
killed in less than lOh (FIGURE 2A). 
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TABLE I 



5 





No. of 

strains 

tested 


No. of 

resistant 
strains 


No. of 

sensitive 
stains 




Total 

No - n 

sensi 
strai] 








W.8. 


s. v.s. 




Lactobacillus 


57 


6 


16 


32 


3 


SI 


Pedlococcus 


37 


1 


13 


18 


5 


JO 


Micrococcus 


12 


2 


1 


8 


1 


1 n 


Leuconostoc 


8 


0 


2 


6 


0 


o 
o 


Strept ococcu s 


3 


0 


1 


2 


0 




Acetobacter 


10 


10 


0 


0 


0 


0 


Zymomonas 


8 


8 


0 


0 


0 


0 


Flavobacter 


3 


0 


3 


0 


0 


3 


Kluyvera 


1 


1 


0 


0 


0 


0 


Citrobacter 


3 


3 


0 


0 


0 


0 


Enterobacter 


2 • 


2 


0 


0 


0 


0 


Klebsiella 


3 


3 


0 


0 


0 


0 


Bafnia 


2 


2 


0 


0 


0 


0 



tive 



W.s. - "weak sensitive" - an inhibition zone of 
20 diameter 0.5 cm or less surrounding a well 

containing 100 units of Nisin. 
S. - "sensitive" - an inhibition zone of diameter 
0.5-1.0 cm surrounding a well containing 100 
units of Nisin. 
25 V.S. - "very sensitive" - an inhibition zone of 
greater than 1.0 cm surrounding a well 
containing 100 units of Nisin and/or an 
inhibition zone of greater than 0.5 cm 
surrounding a well containing 10 units of 
30 Nisin. 
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Similarly^ when the inoculum was -10'' cells 
laT^, growth was inhibited by 10 units ml"^ of Nisin 
(FIGURE 2c) . Even 1 unit lal*^ of Nisin had a signifi- 
cant effect in reducing the rate of growth when the 
5 inoculum was -10* cells ml"^ (FIGUHE 2b) . 

Moreover, 100 units ml*^ completely 
inhibited growth in MRS broth of 10* cells ml*^ of a 
strain of lactobacillus classified as Nisin resistant 
using the well test assay (FIGURE 2D). 

10 It is known that the stability and activity 

of Nisin ubcreases with increasing acidity (Hurst, A. , 
1981, Adv. Appl. Microbiol. 27, pp. 85-123). Both 
wort ('-'PH 5) £uid beer («%^pH4) are more acidic media 
than MRS broth (pH 6.2). Since both wort and beer 

15 are more acidic, Nisin at 100 units ml""^ should 
inhibit the growth of at least 10^ lactic acid bac- 
terial cells ml"^. Such numbers of bacteria repre- 
sent a massive infection, and are well above those 
which readily produce detectable spoilage character- 

20 istics in beer; it is reported that 20,000 Te^dlococcl 
ml"^ are sufficient to spoil beer. 

Addition of Nisin to Fermentations ; .j^^^ 

different preparations (1000 i.u. mg"^, 2500 i.u. 
mg*^, and 44,000 i.u. mg"'-'-) were added in the amount 
25 required to give a final level of approximately 100 
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i.u, ml"-*" to p;lot brewery (-27 liters) wort 
fermentations w;.th ale yeast, KCYC 240. Th s 
additions had little effect on the fermentation 
performance of the brewing yeast as shown in FIGURE 

5 3. Similar results, using tall tube fermenters (1.5 
liters), were obtained for four other brewing yeast 
strains - NCYC 1062, 1123, 1236, and 1245. 

Nisin added to the fermentation stage is 
present in the final beer with no measurable loss of 

10 activity. Therefore Nisin is neither adsorbed nor 
degraded by brewing yeasts, and survives both 
filtration and pasteurization. None of the Nisin 
preparations appear to confer any obvious detrimental 
characteristics on beer-flavor. 

15 Addition of Nisin to Packaged Products ; The 

risks of spoilage of cask- and bottle-conditioned 
beers, which are not pasteurized, could be reduced by 
the addition of Nisin. Also, since Nisin is 
unaffected by pasteurization, there is the option of 

20 adding it to beers before pasteurization, possibly 
allowing reduced pasteurization regimes to be 
operated. 

Papain, a non-specific proteolytic enzyme, is 
added to many beers to stabilize them against haze 

25 formation. It will cleave peptide bonds linking a 
variety of amino acids, as long as those amino acids 
are in the L-conf iguration. At least six amino acids 
are required to fill the enzymes "active site". 
Consequently, due to the five-ring structure of Nisin, 

30 papain can only attack the six amino acids at the 
C-terminal of the molecule. Alpha-chymotrypsin 
inactivates Nisin by cleaving a tripeptide from the 
C-terminal of the bacteriocin. Therefore, it was 
possible that papain would inactive Nisin in beers. 

35 However, it was found that papain reduced the levels 
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of Nisin activity only when the enzyme was present in 
concentrations approximately 100-fold those used in 
practice; see FIGURE 4. Nisin is more stable to high 
temperatures than papain. Consequently, Misin 

5 activity was not reduced by papain when they were 

added together and then pasteurized. On the contrary, 
at high papain concentrations r an increase in Nisin 
activity was seen. 

The Uses of Nisin in Winesr Cider and 

10 Distilled Beverages ; Nisin appears to lend itself to 
the control of infection in distilleries where lactic 
acid bacteria can be a major contamination problem. 
In whisky production, it is thought that some of the 
final flavor characteristics arise from the presence 

15 of lactic acid bacteria in the fermentation. 

Therefore, Nisin might be used to restrict bacterial 
growth rather than totally remove bacteria from the 
yeast fermentation. For example, it should be 
possible to devise a situation where a desirable 

20 Lactobacillus strain is more resistant to Nisin than 
undesirable contaminants. 

A similar approach could be used to control 
or prevent the conversion of maZate to lactate 
(malolactic fermentation) during production of 
wine or cider. 
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WHAT IS CLAIMED IS: 

1. A process for controlling the growth of spoil- 
age bacteria in alcoholic beverages or during their 
production^ said process comprising adding to or in- 
corporating in said beverages or during their production 
an amount of Nisin or a Nisin-producing cultxire suf- 
ficient to inhibit spoilage. 

2. The process as claimed in claim 1 in which 
an amount of up to 100 International Units of Nisin 
is added per millilter of wort or alcoholic beverage, 

3. The process as claimed in claim 1, in which 
the Nisin is added to the beverage prior to pasteuri- 
sation • 

4. The process as claimed in claim 1 in which 
the Nisin is added to the beverage after pasteurisation. 

5. The process as claimed in claim 1 in which Nisin 
is incorporated into the fermentation medium prior to 
fermentation or during fermentation. 

6. The process as claimed in claim 1 in which 
a microbial culture is treated with Nisin prior to 
its use in alcoholic beverage or fermentation. 

7. The process as claimed in claim 1 dn which 
Nisin is used to cleanse plants and equipment used 
in production. 
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8. The process as claimed in claim 1 in which 
between 10 and 100 International Units of Nisin is 
added per milliliter of alcoholic beverage for the 
purpose of preventing growth of indesirable lactic 
acid bacteria. 

9. The process as claimed in claim 1 in which 
the alcoholic beverage is beer, wine, ci^er, distilled 
spirits, cordials, or liquers. 

10. The process as claimed in claim 1 in ^which 
alcoholic beverages includes products (e.g., wort, 

shandy, non-alcoholic beers) which are based on or 
derived from alcoholic Iteverages and/or their 
production • 

11. A process for controlling the growth of 
spoilage bacteria in beer ^comprising adding to or 
incorporating into the beeer an amount of Nisin or 
a Ni sin-producing culture sufficient to inhiSibit 
beer spoilage. 

12. The process as claimed in claim 7 in which 
up to 100 International Units of Nisin is added to the 
beer prior to pasteurisation. 

13. The process as claimed in claim 7 in which 
up to 100 International Units of Nisin is added to 
the beer after pasteurisation. 

14. The process as claimed in claim 10 in which 
the alcoholic beverages are selected from wort, 
shandy and non-alcoholic beers. 
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A: inoculum -10 cells mf 
B: - -10^ . . 

C- • -10^ . . . 



Nisin: units ml 
• 0 

-10 

olOO 
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^4 

Rg. 4 

Effect of papain on nisin . 
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1 Unit= 1 pmole Benzoyl orginine- 
ethyl Gster hydrolysed mf* min~* 
at pH 6-2 and Ib^'C 



